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(54) A flat-panel display with luminance feedback 

(57) An image display, includes a substrate; a light emitter formed on the substrate; and a photo-sensor formed on 
the substrate and optically coupled directly to the light emitter. 
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Description 



io» Ae to cniiH qiate flat-Danel display devices and more particularly to such display 



nation from each pixel. devices are ol great inleresl as a superior flat- 

[00021 Selid-efafe etganei ^^SJL, through thin fitms of orgaoio matetia, fo 

electrical circuit, can produce a current dependent or , the am .e t ^f^^^^,^^,^ 

rr=n^ 

i trie instability ot the organ* materials. Th,s nstabiiny maybe as a res g £ u per 
other environmental stresses Luminous eu.c.ancy I defined I ■ i the rano ' degradation 
square mete, to the electrical correal pass.ng through the OLED » » m ^'~ ^ st| " OLED in order to 

o, OLEC, luminous etfieieney means tria, ^^^^Z^^ J^ as compared to 

display US Paten, 5,157,525 <™«°*^£%£^£^ brlg h,„ess using a feedback arrangement 
" rZ°l:^JZ^ ™ZTT™Z . det.miined by maasuring the average trans- 

which indludes an LCO reference element i issued Junes, 190910 Hansen et at compares 

missivily of trie LCD malenal vatri a ^^'^^^J pr0 ,, de a feedback oompanaalion for tempat- 
ourrent passing througri a tas.sti»a layer wilri that , ^™ i.S.i is that the feedbaok does nol directly respond 
ature-induced^rithaasvad^ 

„ ^TTrrrdZr rr^r^re^ ,., emlsalan and com* ,» an ems S *e 

Smr,:== 

emSmproved lifetime, brightness, luminous uniformity, and power consumption can all be ach,eved. 

Fig. 1 is a schematic diagram of a display device with feedback and control circuits according to the present 
irfisa cross sectional view of a preferred embodiment of the display device according to the present invention; 
Fig 4 s a r s sectional view of another alternative embodiment of the display dev,ce accord.ng to the present 
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invention; 

Fig. 5 is a schematic diagram illustrating the emission and absorption of light in a display device according to the. 
present invention; 

Fig. 6 is schematic diagram illustrating the emission and absorption of light in an alternative display device accord- 
5 ing to the present invention; 

Fig. 7 is a schematic diagram of a display device with analog corrective circuitry according to the present invention; 

Fig. 8 is a schematic diagram of a display device with digital corrective circuitry according to the present invention; 

Fig. 9 is a flow chart illustrating the calculation of corrective values according to the present invention; 

Fig. 1 0 is a schematic diagram for an analog circuit illustrating the calculation of corrective values according to the 
w present invention; and 

Fig. 11 is a circuit diagram of an emissive LED as in known in the prior art. 

[0010] The present invention is a solid-state display device with addressable light emitting pixels that overcomes the 
problems in the prior art through the use of optical detector(s) integrated on the display and directly optically coupled 
15 with the light emitters of the display. The optical detector(s) produces current dependent on the light emitted from the 
light emitters. This current is then used as a feedback mechanism to control the current passed through the light emitting 
pixels to achieve the desired light output. 

[0011] The apparatus operates as follows. A display system 10 in Fig. 1 includes a display 12 with a feedback control 
device 14 and a controller 16 which drives the display. The controller 16 can be an analog device or, as shown, a 

20 computer with a memory 18 for instructions and data and a central processing unit 20. The controller writes data to 
particular display elements using, data, address, and control signals, represented by signals 22, 24, and 26, respec- 
tively. The address lines are decoded with demultiplexers 28. A feedback signal 30 generated by the photo-sensor(s) 
within the display is passed to the feedback circuit 14, processed, and the resulting signal 32 passed to the controller. 
The light emitting pixels in the display are powered through line 34 and connected to the Vdd line 100 in Fig. 11. Fig. 

25 11 illustrates a simple emissive LED circuit known in the art wherein a Vdd power line 100 supplies power to an LED 
102 through drive transistor 104. The drive transistor 104 is responsive to charge stored in capacitor 106 that is de- 
posited by transistor 108 in response to a signal on data and select lines 22 and 110 respectively. The signal on select 
line 110 is formed in the conventional manner from signals on address and control lines 24 and 26 respectively. 
[0012] The photosensor(s) are implemented by placing optically coupled photo-responsive materials adjacent to a 

30 display device as shown in any of Figs. 2, 3 or 4. In these figures, an emissive layer 44 is optically coupled to a photo- 
sensor layer 50. Each of these layers has electrodes on either side; 42 and 46 for the emissive layer and 48 and 52 
for the photo-sensor layer. These elements are deposited upon a substrate 40 and encapsulated by a cover plate 54. 
The physical placement of the emissive layer with respect to the photo-sensor layer can vary depending on the man- 
ufacturing process, variety of materials, and circuit design. In Fig. 2, the emissive materials are shown between the 

35 photo-sensor materials 50 and the substrate 40. Fig. 3 illustrates the emissive layer 44 next to the photo-sensor layer 
50. Fig. 4 illustrates the photo-sensor materials between the emissive layer 44 and the substrate 40 and, in this case, 
covering only a portion of the emissive layer. Either the substrate 40 or the cover 54 must be transparent to allow the 
light from the emissive layer to be viewed. For the same reason, any electrodes through which light must pass must 
also be transparent. Transparent electrodes can be made of indium tin oxide and are well known in the art. The layer 

40 40 or 54 that is not transparent can be reflective to maximize the use of the light. 

[0013] The light emitting material may actually be composed of more than one subsidiary layer, for example, a hole 
transport layer and an emissive layer; these are all represented as the single layer 44. As is well known in the art, the 
light emitting material is pixellated into separate light emitting areas and the electrodes are used to address the separate 
pixels by connecting rows and columns of pixels. The various electrodes are used to select the pixel and write infor- 

45 mation to it using input from signal lines 22, 24, and 26 in Fig. 1 . 

[0014] The photo-sensor material can likewise be composed of muttiple layers. The electrodes 48 and 52 are used 
to provide the feedback signal 30 in Fig. 1 . Note that, in Fig. 2 : the photo-sensor material 50 and electrodes 48 and 
52 are divided by dotted lines to represent a possible partition into separately addressable components. As will be 
seen, the present invention discloses an apparatus with a photo-sensor layer either held in common among pixels or 
50 separately. 

[0015] In a preferred embodiment, the light emissive materials 44 are made of organic LED materials. Cover plate 
54 can be, for example, enamel coated steel plate, plastic or glass. The photo-sensor materials 50 can be composed 
of semi-conductor materials whose deposition and processing are compatible with the display elements, for example 
traditional crystalline silicon, poly-silicon, or amorphous silicon materials. Any other compatible photo-sensor materials 
55 may also be used, for example, the layer 50 can be composed of organic materials disposed between electrodes 48 
and 52 so as to be responsive to light. Depending on the manufacturing process used, it may be preferable to construct 
the photo-sensor layers first. Moreover, an additional transparent electrically insulative layer, such as glass, may be 
desired between the electrodes 46 and 48 in Fig. 2 and electrodes 42 and 52 in Fig. 4. Alternatively, the two contiguous 
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to des red level Note that as the light emitters degrade over time, become less effic.ent, and em less I ght the 
res^nTphorelectric current will decrease, causing an increase in driving current to compensate for the reduced 

i [0021] uitrereni aispidy briahtness level can have an individual reference, each 

!.ln m^hLism ftor example a lookup table) must be associated with that subgroup. 
0 £ T S aTaU as tic preferred mechanisms for providing the feedback control. In the first mechanism .us 
rated in Rg 7 the feedback current 30 from the dispiay is aggregated by the feedback circu* 1 4 into a single feedback 
trated F * compa red by the controller 16 to a standard signal representing the desired luminance 

ripvice or to some other value chosen by other criteria. , 
55 rooS Tne feedback signal can be aggregated in different ways. In the simplest case, a angle value « .produced for 
^SLJS^^S^ana the TumLnce of the display for each gray scale level it can emit. If this brightness 
• ^S C S^s of the display, no change is necessary, .f, through aging materials or other ™, 
Z dS does not emit the proper amount of light, the data values can be modified so as to .nduce the display to 
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emit more light. Referring to Fig. 8, this modification can be accomplished through the use of a lookup table 84, a very 

roOM] The^mJ^ating signals should correspond to the pixel elements whose feedback they represent. If only 
one sk,nal represents the output of the device as a whole, then every data value can be adjusted by a f need amount. 

5 If a separate feedback value is obtained for each brightness level, then the data value corresponding to , each brightness 
level can be adjusted. If a separate feedback value is obtained for each color, then each color can be adjusted by a 
fixed amount. These various data values can be combined in numerous ways depending on the feedback obtained. 
Moreover feedback values can be obtained for pixels depending on their address within the display rather than bright- 
ness level only. Each pixel could thus have a separate table customizing its output. Note, however, that the s.ze of 

10 these tables grows rapidly, If lookup tables are not desired, it is also possible to use equations modeling the desired 
behavior to compute the correction. This approach reduces memory requirements but may have a dektfenous impact 
on performance speed. These lookup tables and computation methods are all well known in the art and are a standard 
part of many computer-controlled systems. In general, the feedback correction can be done either continuousfy or 
periodically either while the device is in use or at a boot or setup time. The only requirement is that the feedback 

rs measurement must be taken while the device displays at a known brightness value. 

rO025] Note that this invention makes it unnecessary to control the display materials through the use of current 
controllers and can instead drive the display through voltage control, thus simplifying the control electronics as well as 
compensating for possible changes in the display material efficiencies. 

rO026] It is important to realize that the photo-sensor materials will be exposed to both optical coupling from the 
20 display and to ambient light. Proper compensation must be made for this situation. The simplest mechanism for property 
distinguishing between ambient and display light is to first measure the ambient light current This « done simply by 
applying zero current to the light emitting pixels so that the pixels emit no light. Any residual photo-electric current w II 
be due to ambient radiation and any reference comparison must adjust forthis residual current. This reference adjust- 
ment can be done at the time the display device is powered up or periodically while it is in use. 
25 r0027] This reference adjustment can also be used to automatically compensate for changes in the ambient env.- 
onment When viewed in a dark environment (little ambient radiation), a display device need not be as bright as when 
viewed in a lighter environment (more ambient radiation). If the display device light output is recalibrated periodically, 
it will maintain a fixed difference between the ambient and displayed light even if the ambient light changes This can, 
in turn increase display device lifetime by reducing unnecessary display brightness in a dark environment and increase 
so display device visibility in a bright environment. If brightness compensation is done on a pixel address basis it is even 
possible to correct different parts of the display in different ways, correcting for devices that may be partly shaded, for 

[00281 16 The flow chart in Fig. 9 illustrates a simple process for calculating the lookup table value for each brightness 
level- The device is first turned on 120 and set to display 122 a blank (black) image or screen. The feedback current 

35 is measured 1 24 and represents the ambient light. The display is then cycled through each brightness output level it 
can emit 126 and the feedback current measured for each level 128 (the actual current). This feedback current repre- 
sents the sum of the ambient light and the emitted light for a given brightness level. The actual current value ,s then 
subtracted from the desired (reference) current corresponding to the desired light level plus the ambient current to 
obtain a correction current 130. This correction current is added to the reference current and the sum converted to a 

40 corresponding brightness level 132 and placed in the table 134 for the original brightness level measured The display 
is then operated using the corrected brightness levels 136. If the ambient is zero and the actual equals the reference, 
the table value will equal the reference value, that is the table value is the ideal value and no correction is made (table 
output equals table input). The following equation describes the calculation where the function F represents the con- 
version from a current measurement to the corresponding brightness level /. 



45 



T, = F( REFCURRENT, + ( REFCURRENT f + AMBIENTCURRENT - ACTUALCURRENTj)) 



50 



55 



r00291 This calculation can be done using the control circuit 16 and its components 18 and 20. 
0030] In the case for which the voltage controller is used and a single feedback value is used, the entire correct.on 
calculation can be done using analog components (for example, operational amplifiers and a voltage controller as 
shown in Fig 7) Fig 10 illustrates this in more detail. The actual value 32 is subtracted from the sum of the ideal 
reference value 90 and ambient value 92 and used as a corrective input to the nominal voltage at which the voltage 
controller is set. These analog computing techniques and devices are all well known in the art. If compensation for 
ambient illumination is desired, the value must be first collected using the controller 1 6 as described above, and stored. 
Using either the digital or analog correction, the computation can also be done iteratively by making successive ad- 
justments to the correction values. In this case, the actual measurements are taken with the existing correct.on values 
and a difference to the correction value computed and applied. 
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100311 It is also possible to restrict the photo-sensor region ben'eath the display elements to only a subset of the 
pixels This reduces the logica. infrastructure needed to support the feedback but presumes that corrects for one. 

SS tt£2ZZ£» onto the same substrate as the display dev.e or . car , be 

mDlemented externally to the display. In general, higher performance and greater accuracy can be ach eved by -nte- 
Zina thtcircu try directly with the display device but this may not be desirable for all disp.ay devices. (For example 
KSo?y and manufacturing process may inhibit the integration of circuitry and logic.) The present invention 
can be applied to both active- and passive-matrix display devices. 

0033 Organic Light Emitting Diodes (OLEDs) including small molecule polymenc DIED* ; a ^losed .n but n 
LitPd to US Patent 4 769 292 issued September 6, 1988 to Tang et al., and US Patent 5,061 ,569 issued October 
29 ?991 to VanSll et ai provide a technical p.atform on which a suitab.e display device can be created. Many 
foJZZl -and variatns of OLED materia.s would be apparent to those know,edgeable in the art and can be used 
to fabricate such a device and are included in this invention. faaM h^ 

0034 The present invention provides a highly integrated, small, and light weight means to prov.de opftcal feedback 
lo emLsive dismay devices. This teedback can lengthen the device .ifetime, reduce power consumpt.cn, and provide 
flexibility in application. 
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Claims 

1 , An image display, comprising: 



a) a substrate; 

b) an array of addressable light emitters formed on the substrate ; 

oc r \ a drive circuit for drivinq the light emitters to emit light in an imagewise pattern; 

on or more Lo-sensors formed on the substrate and directly optically coupled to the Pern = 
the array to detect light emittedbythe light emitters and to generate afeedback signal m response thereto.and, 
e) a feedback control circuit responsive to the feedback signal for controlling the drive c.rcurt. 

30 2. The image display claimed in Claim 1 wherein the substrate is transparent and the light emitters em* light through 
the transparent substrate. 

3. The image display claimed in Claim 1 wherein a transparent cover encapsulates the image display and the light 
emitters emit light through the transparent cover. 

4. The image display claimed in Claim 1 wherein the photo-sensors are organic photo-conductors. 

5. The image display claimed in Claim 1 wherein the photo-sensors are made of silicon materials. 
40 6. The image display claimed in Claim 1 wherein the light emitters are organic light emitting diodes. 

7. The image display claimed in Claim 1 wherein the light emitters are optically transparent. 

8. The image display claimed in Claim 1 wherein the photo-sensors are optically transparent. 



45 



9. The image display claimed in Claim 1 wherein the array of light emitters and the one or more photo-sensors are 
arranged adjacent to each other on the substrate. 

1 0. The image display claimed in Claim 1 wherein the light emitters are disposed between one or more photo-sensors 
50 and the substrate. 

1 1 . The image display claimed in Claim 1 wherein one or more photo-sensors are disposed between the light emitters 
and the substrate. 

55 1 2. The image display claimed in Claim 1 wherein the one or more photo-sensors are separated from the light emitters 
by an optically transparent material. 
13. The image display claimed in Claim 12 wherein the optically transparent material is electrically insulating. 
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14. The image display claimed in Claim 12 wherein the optically transparent materials electrically conductive. 

15. The image display claimed in Claim I wherein the feedback control circuit compares the feedback signal to a 
reference signal to produce a modified signal value that is supplied to the drive circuit to modify the output of the 
light emitters. 

16. The image display claimed in Claim 1 5 wherein a separate reference signal is used for each of the different bright- 
ness levels produced by the light emitter. 

17. The image display claimed in Claim 15 wherein the light emitters include emitters that emit different colors of light 
and wherein a separate reference signal is used for each of the different colored light emitters. 

18. The image display claimed in Claim 15 wherein the feedback control circuit generates a single feedback signal 
and wherein the drive circuit modifies a voltage used to power the light emitters in response to the feedback signal. 

19. The image display claimed in Claim 1 5 wherein the feedback control circuit generates a separate feedback control 
signal for each light emitter. 

20. The image display claimed in Claim 15 wherein the feedback control circuit is integrated on the substrate. 

21. The image display claimed in Claim 15 wherein the drive control circuit includes a lookup table containing the 
modified signal values. 

22. The image display claimed in Claim 21 wherein the light emitters include emitters that emit different colors of light 
and wherein the drive control circuit contains a lookup table for each of the colors. 

23. TheJmage display claimed in Claim 21 wherein the light emitters include emitters that emit different brightnesses 
and wherein the lookup table contains a signal value for each of the brightnesses. 

24. The image display claimed in Claim 15 wherein the display further comprises means for compensating for ambient 
light that reaches the photosensor(s). 

25. The image display claimed in Claim 21 wherein the drive control circuit further comprises means for periodically 
updating the lookup table. 

26. The image display claimed in Claim 21 wherein the feedback control circuit modifies the signal values in the lookup 
table. 

27. The image display claimed in Claim 1 wherein the display includes a single photosensor that detects light emitted 
by any of the light emitters. 

28. The image display claimed in Claim 1 wherein the display includes a plurality of photo-sensors each of which is 
arranged to detect light emitted by a separate group of light emitters. 

29. The image display claimed in Claim 1 wherein the display includes one photo-sensor for each light emitter arranged 
to detect light from the light emitter. 

30. The image display claimed in Claim 1 wherein the one or more photo-sensors are formed on the substrate. 
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